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0 Cloning and expression of bacillus thurlnglensis toxin 
coleoptera. 

® A Badllus thurirxBensts (disclosed in an earlier 
appKcation) is now itnown as B. thurinoien^s strain 
^ ffTT dieoo . The toxin gene, toxic to beetles of the 
. ^order (k)leoDtera . has been cloned and expressed. 
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CLONING AND EXPRESSION OF BACILLUS THURINGIENSIS TOXIN GENE TOXIC TO BEETLES OF THE 

ORDER COLEOPTERA 



This invention relates to the cloning and ex- 
pression of Badilus thurinoiensis toxin gene toxic 
to beetles of the order Coleootera. 

The spore-forming microorganism Bacilius 
thurinoienas (6t) produces the best known insect 
toxin, viz. a protein designated 5-endotoxin. It is 
synthetic by the Bt sporulating cell. The toxin, 
upon being ingested in its crystalline form by sus- 
ceptible Insect larvae, is tran sfor med Into biologi- 
cally active moieties by gut juice proteases. The 
primary target is gut epithelial cells which are rap- 
idly destroyed. Experiem:e has shown that the ac- 
tivity of the Bt toxin is so high that only nanogram 
amounts are required to kill susceptible insect lar- 
vae. 

The reported acti\^ spectrum of Bt covers 
insect spedes within the order Leoldotera whk:h 
constitutes a major insect problem in agriculture 
and forestry. The activity spectrum also includes 
the insect order Diptera which includes some spe- 
cies of mosquttos and blackflies. See Couch. - 
(1980) "Mosquito Pathogenicity of Bacillus thurin- 
oiensis var. israelen^ *. Developments in Industrial 
' Microbiok)gy 22:61-67. and Beegle, (1978) "Use of 
Entomogenous Bacteria in Agroecosystems". De- 
velopments In Industrial Microbiotogy. 20:97-104. 

Kreig et ^ ang. Ent (1983) 96:500-508, 
descrit)e a Bt isolate named Bacillus thurinoiensis 
var. tenebrionis. which is reportedly active against 
two beetles of the order Coteootera. These are 
Cdorado potato beetle. Leotinotarsa decemlineata 
and Aoelastka alni. This is the only known Bt 
isolate reported to have such activtty; all previously 
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identified Bt strains have has activtty against cat- 
erpillars (order Lepidoptera) or larvae of certain 
flies (order Diptera ). The isolate is not available to 
the public. 

According to the present invention, a gene 
toxic to beeties of the order Coleootera is doned 
and expressed. The toxin produced by the cloned 
gene has activity against t^eeties of the order Col- 
eoptera but not against Trichoolusia ni, Soodootera 
exioua or Aedes aeovoti. Included in tiie Coleoo- 
tera are various Diabrotica species (family 
CTirvsomeiidae) which are responsible for large ag- 
ricultural losses in the USA at least. e.g.,£. un- 
deciounctata (westem spotted cucumber beetie). D. 
lonoicomis (northern com rootworm). D. viroitera - 
(westem com rootworm) and D. undecimounctata 
howardi (soutiiem com rootworm). 

The Bacillus thurinoiensis isolate used as the 
source of the toxin gene of the present invention, 
designated "M-T", is unusual In having a unique 
parasporal body (crystal) which under phase con- 
trast microscopy Is dark in appearance and has a 
flat; square configuration. This isolate is described 
and claimed in European Patent Application No. 
86302126.7. A subculture of B. thurinoiensis M-7. 
now known as B. thurinoiensis strain ^\ dieoo - 
(B.{.§si.), has been deposited in the permarient col- 
lection of the Nortiiem Regional Research Labora- 
tory, U.S. Department of Agriculture, Peoria. Illinois. 
USA 

Another ctepostt relevant to the present inven- 
tion has been made at the ARB Patent Collection. 
Culture Collection Research-Fomentation Labora- 
tory, Nortiiem Regional Research Center. Peoria. 
Iinnois 61604. USA i.e. of plasmid pCH-B3 in an E. 
coli host 



Deposit 
B.t.sd. 

E. coli (pCH-B3) 



Date 
27 Feb, 1985 
18 July 1985 



Accession No, 
NRRL B-15939 
NRRL B-15981 



B. thurinoiensis strain dieoo. NRRL B- 
15939. can t>e cultured using conventional, stan- 
dard mecfia aruj fermentation techniques. Upon 
completion of the fermentation cycle, the t>acteria 
can be harvested tiy first separatirtg the Bt spores 
and crystals from the fermentation broth by means 
well known in the art The DNA (chromosomal and 
plasmkO from the cells can be isolated by standard 
procedures and purified by procedures well known 
in the art For example, such procedures are dis- 



4S closed by Manlatis et at, Molecular Qoning (1982). 
Cold Spring Hartx>r Lat)oratory. The purified DNA 
then can be digested wrth a suitable restriction 
endonudease. 

A gene t>ank of B.tsd DNA then, can be con- 

50 structed. In the subject Invention, the purified B.tsd 
DNA. obtained as described above, was digested 
with the restriction endonudease Bam Hl and clon- 
ed into the Bam Hl site of the well-known and 
available plasmid pBR322. 
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Once the gene bank of B.tsd DNA was con- 
structed, rt then became necessary to construct a 
DNA probe to screen the gene t>ank. The construc- 
tion of this critical DNA probe was initiated by the 
isolation of M-7 toxin crystals fron a culture of 
B.tsd . 

The recovered M-7 toxin crystals were purified 
by standard procedures and then digested with 
trypsin to produce peptide fragment. The amino 
acid sequences of several of these tryptic frag- 
ments was determined by standard procedures. 
Subsequentiy. after selection of certain sequences, 
a prot)e was chemically synthesized by known 
means. The resulting probe was labelled and 
hybridized by procedures known in the art The net 
result was the detection of positive clones. i.e., 
those that hybridized to the constructed probe. 

A representative of the positive clones was 
sut^ected to a western bk>t using rat>bit anti M-7 
crystal antiserum developed by standard proce- 
dures. Confirmation of the success of the ctontng- 
and expression of M-7 toxin was obtained when a 
po^ve reaction was observed with the positive 
ctone and the antitxxly against M-7 toxin crystal. 

The recombinant plasmids isolated from repre- 
sentative positive clones were found to have a 5.8 
kb DNA fragment inserted into the Bam HI site. This 
SA kb DNA fragment was excised from a repre- 
sentative positive clone (pCH-B3) with Bam HI. 
purified, and then subcloned into the Bam HI site of 
the known and available plasmkJ pR016l4 (J. Bact. 
[1982J 150:60: U.S. Patent No. 4,374.200). Plasmid 
pROl614 is available from the Nortiiem Regional 
Reseach Latx>ratory. ^dress atxive, where its de- 
posit number is NRRL B-12127. The plasmkJ is 
derived from pBR322 and has unique Htn dill, 
fiacnHt. and mJ II restriction sites; a PstI 
insertm includes the cartienictllin resistance gene 
and a . P. aeruginosa replrcation system. 
Pseudomonas fluorescens was transformed with 
this constructed shuttie vector and the expression 
of M-7 toxin was verified by Its identification on a 
western blot 

Plasmid pCH-B3. or pkasmkJ pR01614 witi) the 
5.8 kb fragment insert* can be recovered from their 
bacterial hosts by weiHcnown procedures, e.g., us- 
ing the cleared lysate-isopycnic density gradient 
procedures. If desired, the 5.8 kb fragment can be 
excised from pR0l614 by digestion with Bam HI 
and ckmd into a different vector for transformation 
into another host These procedures are all well 
known to persons skilled in the art 

The toxin gene of the subject fnvention can be 
introduced into a wide variety of microbial hosts. 
Expression of the toxin gene (M-7) results, directly 
or indirectly, in the intracellular production and 
maintenance of tiie pesticide. With suitable hosts. 
e.g.. Pseudomonas . the microbes can be applied 



to tile situs of t>eeties of the order Coleoptera 
where tiiey will proliferate and be ingested by ttie 
susceptible beeties. The remjit is a control of the 
unwanted beeties. Alternatively, tfte microbe host- 

5 ing the toxin M-7 gene can be treated under con- 
ditions that protong the activity of the toxin pro- 
duced in the cell. The treated cell ttien can be 
applied to the environment of target pest(s). The 
resulting product retair^ tiie toxicity of ttie M-7 

70 toxin. 

Where \t\e M-7 toxin gene is introduced via a 
suitable vector into a miaobial host and said host 
is applied to the environment in a living state, it is 
essential that certain host microbes t>e used. Mi- 

rs croorganism hosts are selected which are known to 
occupy the "phytosphere" (phylloplane. phyl- 
losphere. rhizosphere, and/or rhtzoplane) of one or 
more crops of interest These microorganisms are 
selected so as to be capable of successfully com- 

20 peting in the particular environment (crop arKJ other 
insect habitats) with the wtki-type microorganisms, 
provide for stable maintenartce and expression of 
the gene expressing the polypeptide pesticide, 
and. desirably, provide for improved protection of 

25 the pesticide from environmental degradation and 
inactivation. 

A large number of microorganisms are known 
to inhabit the phyltoplane (ttie surface of plant 
leaves) and/or ttie rhizosphere (the soil sunrounding 

30 plant roots) of a wide variety ok important crops. 
These microorganisms include bacteria, algae, and 
fungi. Of particular interest are microorganisms, 
such as bacteria, e.g.. genera Pseudomonas. 
wtQla, SSQlGi . Xanttiomonas. Streotomvces. 

35 RhizQt^jyirfi, qhg<fep?^0QmQnag, Agrpbacterium. 

AsaiateaaL H^gte^fflgite Artfirg^^cty. ^aateci 

ISC teuconostoc. and AteaKoenes : fungi, particu- 
larty yeast e.g., genera. Saccharomvces. Crvo- 
tffWffa^. Kluweromvces. Soorobotomvces. 

40 Rhodotorula. and Aureobasidium . Of particular in- 
terest are such phytosphere t)acterial species as 
Pseudomonas svrinoae. Pseudomonas fluorescens. 
S§SSS^ marcescens. Acetobacter xvlinum. ^ 
ytf>aCty'um tum^adens. Rhodooseudomonas 

46 gphygi^, Xyitfigry^as camoestris. Rhizobium 
rne!£Q& Akaafioenes entroohus. and Azotobacter 
vinlandii: and phytosphere yeast species such as 
Rhodotorula rut>ra . g. Qlutinis , R. marina, fl. auran- 
tiaca. CrvDtococcus albidus. £. diffluens . lauren- 

50 £L Saccharomvces rosei. oretoriensis. g. 
ceryn^iag, Soorobolomvces roseus. odoms , 
Kluweromvces veronae. and Aureobasidium ool- 
luians . Of particular interest are the pigmented mi- 
croorganisms. 

55 A wide variety of ways are available for in- 
troducing the M-7 gene expressing ttie toxin into 
the microorganism host under conditions which al- 
k>w for stable maintenance and expression of the 



3 



0 213 818 



gene. One can provide for DMA constructs which 
include the transcriptional and translational regula- 
tory signals for expression of the toxin gene, the 
toxin gene under their regulatory control and a 
DMA sequence homologous with a sequence in the 
host organism, whereby integration will occur. 
and/or a repGcation system which is funtional in the 
host, whereby integration or stable m^ntenance 
will occur. 

The transcriptional initiation signals will Include 
a promoter and a transcnptional initiation start site. 
In some instances, it may be desirable to provide 
for regulative expression of the toxin, where ex- 
pression of the toxin will occur only after release 
into the environment This can be achieved with 
operators or a region birKJing to an activator or 
enhancers, which are capable of induction upon a 
change in the physical or chemical environment of 
the mlcnx>rganisms. For example, a temperature 
sensitive regulatory region may be employed, 
where the organisms may be grown up in the 
laboratory without expression of a toxin, but upon 
release into the environment, expression would be- 
gin. Other techniques may employ a specific nu- 
trient medium in the latX)ratory, which inhibits the 
expression of the toxin, where the nutrient medium 
in the environment would allow for expression of 
the toxin. For translational initiation, a ribosomal 
binding site and an initiation codon will be present 

Various manipulations may be employed for 
enhanctrtg the expression of the messenger, par- 
ticularly by using an active promoter, as well as by 
employing sequences, which enhance the stability 
of the messenger RNA. The initiation and trar>- 
siational termination region will InvoWe stop codon- 
(s). a temiinator region, and optionally, a 
poiyadenytation signal. 

In the direction of transcription, namely in the 
5* to 3' direction of the coding or sense sequence, 
the construct win involve the transcriptional regula- 
tory region, if any, and the promoter, where the 
regulatory region may be either 5* or 3' of the 
promoter, the ribosomal binding site, the initiation 
codon, the structural gene having an open reading 
frame in phase with the initiation codon. the stop 
corKton(s), the polyadenylatton signal sequence, if 
any, and the tenminator region. This sequence as a 
double strand may tte used by itself for transforma- 
tion of a microorganism host, but will usually t>e 
included with a DNA sequence involving a marlcer, 
where the second DNA sequence may be joined to 
the toxin expression construct or may be combined 
as a separate DNA fragment with the toxin expres- 
sion construct during introduction of the DNA into 
the host 



By a marker is intended a structural gene 
whidi provides for selection of tfK>se hosts which 
have been modified or transformed. The marker 
will nonmally provide for selective advantage, for 

5 example, providing for btoctde resistance. e.g.. re- 
sistance to antikMotics of heavy metals; com- 
plementation, so as to provide prototrophy to an 
auxotrophic host, or the like. Preferably, com- 
plementation is employed, so tiiat the modified 

70 host may not only be selected. tMJt may also be 
competitive in the field. Orte or more markers may 
be employed in the devek>pment of the constructs, 
as well as for modifying the host The organisms 
may t>e further modified by providing for a com- 

75 petitive advantage against other wild-type microor- 
ganisms in the field. For example, genes express- 
ing metal chelating agents. e.g.. siderophores, may 
be introduced into the host atong with the structural 
gene expressing the toxin. In this manner, the 

20 enhanced expression of a stderophore may provide 
for a competitive advantage for the toxin producing 
host so that it may effectively compete with the 
wild-type microorganisms and stably occupy a 
niche in the environment of the vegetation to be 

25 protected. 

Where no functional replication system is 
present the construct will also include a sequence 
of at least 50 bp, preferably at least about 100 bp, 
and usually not more than about 1000 bp of a 

30 sequence homologous with a sequence in the host 
In this way. the probability of legitimate recom- 
bination IS enhanced, so that the gene will be 
integrated into the host and stably maintained by 
the host Desirably, the toxin gene will fc»e in close 

35 proximity to the gene providing for complemerh 
tation as well as the gene providing for the com- 
petitive advantage. Therefore, tn fhe event that the 
toxin gene Is bst the resulting organism will be 
likely to also lose the complementing gene and/or 

40 the gene providirtg for the competitive advantage, 
so that it will be unable to compete in the environ- 
ment with the gene retaining the intact construct 

A large numl)er. of transcriptional regulatory 
regions are available from a wide variety of mi- 

45 croorganism hosts, such as t>acteria, bac- 
teriophage, cyarK)t>aGteria. algae, fungi, and the 
like. Various transcriptional regulatory regions irv 
clude the regk)ns associated with the ^ gene, lac 
gene, gal gene, the lambda left and right promot- 

50 ers, the Tac promoter, the naturally-occurring pro- 
moters associated with the toxin gene, where func- 
tional in the host See for example, U.S. Patent 
Nos. 4.332.898: 4.342.832 and 4.356.270. The ter- 
mination regk)n may be the termination region nor- 

55 mally associated with the transcriptional initiation 
region or a different transcriptional initiatton region, 
so long as the two regions are compatible and 
functional in the host 
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Where stable episomai maintenance or integra- 
tion is clesired. a plasmid will be employed which 
has a replication system which is functional in the 
host The replication system may be derived from 
the ^romosome, an episomai elemerrt normalfy 5 
present in the host or a different host or a replica- 
tion system from a virus which is stable in the host 
A large numt)er of plasmids are available, such as 
pBR322. pACYC184. RSF1010, pR01614, and the 
like. See for example, Olson et al., (1982) J. Bac- io 
terioJ. 150:6069,and Bagdasarian et al., (1981) 
Gene 16:237. and U.S. Patent Nos. 4,356;270; 
4362.817; and 4,371,625. 

The M*7 gene can be introdiiced between the 
transcriptionai and translational initiation region and rs 
the transcriptional and translational tenmination re- 
gion, so as to be under the regulatory control of the 
Initiation region. This construct will be included In a 
plasmid, which will include at least one replication 
system. tHit rrmy include more than one, where one 20 
replication system is employed for cloning during 
the development of the plasmid and the second 
replication system is necessary for functioning in 
the ultimate host In addition, one or more markers 
may be present which have been described pre- ^ 
viously. Where integration is desired, the plasmid ' 
will desirably include a sequence homolo^HiS with 
the host gertome. 

The transformants can be isolated in accor- 
dance with conventional ways, usually empk>ying a 30 
selection technique, which alk>ws for selection of 
the desired organism as against unmodified or- 
ganisms or transferring organisms, when present 
The transformants then can be tested for pestictdal 
activity. 35 

Preferred hosts, particularty those in the 
phytosphere. will have certain characteristics which 
enhance the environmental stabirity of the toxins in 
the host Protective qualities include a k>w level of 
proteolytic degradation, thick cell walls, pigritenta- 4o 
tion, and the like. Other characteristics of interest 
for the host include leaf affinity, lack of mammalian 
toxictty. attractiveness to pests for ingestion, ease 
cl hmtKng and storage, rate of profiferation in the 
field, competitiveness, and the Ito. 45 

In the field appfications. the transformant strain 
win be applied to its natural habitat such as the 
rtrizpsphere or phylloplane of the plant to be pro- 
tected from the pest The transformant strain will 
grow in its natural habitat while producing the M- 50 
toxin which will be absorbed and/or ingested by tfie 
larvae or adult pest or have a toxic effect on the 
ova. The persistence of the microorganisms will 
provkle for long-term protection of the vegetation, 
although repetitive administrations may t)e required 55 
from time to time. The organism may be applied 
by spraying, soaking, injection into the soil, seed 
coating, seedling coating or spraying, or the like. 



Where administered in the fiekj. generally con- 
centrations of the organism will be from 10* to 10" 
cells/ml, and the volume applied per hectare will be 
generally from 0.025 to 1 kg or more. Where 
administered to a plant part, the concentration of 
the organism will usually be from 10* to 10' 
cells/cm'. 

Suitable host cells, where the pesticide-con- 
taining cells will be treated to prolong the activity of 
the toxin in the cell when the then dead cell is 
appOed to the environment of target pest(s), may 
include either prokaryotes or eukaryotes. normally 
being limited to those cells which do not produce 
substarKres toxic to higher organisms, such as 
mammals. However, organisms which produce sub- 
stances toxic to higher organisms couki be used, 
where Ihe toxin is unstable or the level of applica- 
tion sufficiently km as to avoid any possitMlity of 
toxictty to a mammalian host As hosts, of particu- 
lar interest will be the prokaryotes and lower 
eukaryotes. such as fungi. Illustrative prokaryotes, 
both Granv-negative and -positive, include En- 
terobacteriaceae, such as Escherichia. Erwinia. 
Shigella. Salmonella, and Proteus: Badllaceae; 
Rhizobiaceae. such as Rhizobium: Spirillaceae. 
such as photobacterium, Zvmomonas. Serratia. 
Aergmgn^, Vjl^rig. Desulfovibrio. Spirillum: tac- 
tot>acillaceae; Pseudomonadaceae, such as 
Pseudomonas and Acetobacter: Azotobacteraceae 
and Nitr6t>acteraceae. Among eukaryotes are fungi, 
such as Phycomycetes arKj Ascomycetes. which 
includes yeast such as Saccharomvces and 
Schizosacc haromvces ; and Basidiomycetes yeast 
such as RhgdOtWia. Aureobasidium. 
^om^<yr\yf^, and the like. 

Characteristics of particular interest in selecting 
a host cell for purposes of production include ease 
of introducing the M-7 gene into the host availabik 
ity of expression systems, efficiency of expres^on, 
statMlity of the pestk:kto in the host arxJ the pres- 
ence of auxiliary genetic capatulities. Characteris- 
tics of interest for use as a pesticide microcapsule 
include protective qualities for the pesticide, such 
as thick cell walls, pignnentation, and intracellular 
packaging or formatkm of inclusion bodies: leaf 
affinity; lack of nrtammalian toxk%; attractiveness 
to pests for ingestion: ease of killing and fixing 
without damage to the toxin; and the Uke. Other 
considerations include ease of fonnulation and han- 
dling, ecorxxnics. storage stability, and the like. 

Host organisms of particular interest include 
yeast such as Rhodotorula sp., Aureobaadium 
sp.. Saccharomvces and Soorobolomvces sp.. 
phylbplane orgartisms such as Pseudomonas sp., 
Erwjnia sp. and Ravobacterium sp.; or such other 
organisms as Escherichia. Lactobacillus sp.. Badl- 
!ys sp.. and the like. Specific organisms include 
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Pseudomonas aeruoinosa. P^udompn^ 
fluorescens, Saccharomvces cerevisiae. Badiius 
thurindensis. Escherichia coti. Bacillus subtilis, and 
the like. 

The cell will usually be Intact and be $ut>star>- 
tially in the proEferative forni when killed, rather 
than In a spore fonm. although in some instances 
spores may be employed. 

The ceits may be inhibited from proliferation in 
a variety of ways, so long as the technique does 
not deleteriously affect the properties of the p^- 
ticide, nor diminish the cellular capability in protect- 
ing the pesticide. The techniques may involve 
physical treatment chemical treatment changing 
the physical character of the cell or leaving the 
physical character of the cell sut>stantially intact or 
the like. 

Various techniques for inactivating the host 
cells include heat u^ally SC'C to 70"C: freezing; 
UV Inradiation: lyophifization; toxins, e.g., antit^ot- 
Ics; phenols; anilides. e.g., cart)anilide and 
salicylaniltde; hydroxyurea; quatenr)aries; alcohols; 
antibacterial dyes; EDTA and amidines; non-spe- 
cific organic and Inorganic chemicals, such as halo- 
genating agents, e.g., chlorinating, brominating or 
iodinating agents; aldehydes. e.g., glutaraldehyde 
or formaldehyde; toxic gases, such as ozone and 
ethylene oxide; peroxide; psoralens; desiccating 
agents or the like, which may be used individually 
or in combination. The choice of agent will depend 
upon the particular pesticide, the nature of the host 
cell, the nature of the modification of the cellular 
structum, such as fixing and preserving the cell 
wall with crosslinking agents, or the like. 

The ceils generally will have enhanced struc- 
tural stabifily which wiU enhance resistance to envi- 
ronmentai degradatkm in ^e fieM. Where the pes^ 
tidde in a proform. the method of irmctivation 
shoukj be selected so as not to inhibit processing 
of the proform to the mature form of the pesticide 
by the target pest pathogen. For example, formal- 
dehyde will crossfink proteins and coukJ inhibit 
processing of the proform of a polypeptide pes^ 
tidde. The method of inactivation or kiUirtg retains 
at ieast a substantial portion of the bioavailat^Bty or 
bioactivity of the toxin. 

The cellular host confining the M-7 pesticidal 
germ may be grown in any convenient nutrient 
medium, where the DMA construct provides a' 
selective advantage, providing for a selective me- 
dium so that sutsstantially all or all of the cells 
retain the M-7 gene. These celts may then be 
harvested in accordance with conventional ways. 
Altematively^ the cells can be fixed prior to harvest- 
ing. 



The method of treating the host organism con- 
taining the toxin can fulfill a number of functions. 
Rrst it may enhance structural integrity. Second, it 
nr^y provide for enhanced proteolytic stability of 

5 ttie toxin, by modifying the toxin so as to reduce its 
suceptibility to proteolytic degradation and/or by 
reducing the proteolytic activity of proteases natu- 
rally present in the cell. The cells are preferably 
modified at an intact stage and when there has 

TO t>een a substantial build-up of the toxin protein. 
These modifications can be achieved In a variety of 
ways, such as by using chemical reagents having a 
broad spectrum of chemical reactivity. The intact 
cells can t>e comt)ined with a liquid reagent me- 

15 dium containing the chemical reagents, with or 
without agitation, at temperatures in the range of 
atx)ut -10 to eC'C. The reaction time may be 
determined empirically and will vary widely with the 
reagents and reaction conditions. Cell concentrar 

20 tions will vary from about lO' to 10^ per ml. 

Of particular interest as chernical reagents are 
hak>genating agerrts. particularly halogens of aton>- 
Ic no. 17-80. More particularly, iodine can be used 
under mild conditions and for sufficient time to 

25 achieve the desired results. Ottier suitable tech- 
niques include treatment witii akiehydes, such as 
fonmaldehyde and glutaraldehyde; anti-infectives. 
such as zephiran chk>ride and cetylpyridinium chlo- 
ride; alcohols, such as Isopropyl arid ethanol; var- 

30 ious histologic fixatives, such as Boidn*s fixative 
and Holly's fixative (see Humason, Gretchen L, 
Animal Tissue Techniques, W.H. Freeman and 
Company, 1967); or a combination of physical 
(heat) and chemical agents that prolong tim activity 

35 of the toxin produced in the cell when the cell is 
applied to the environment of ftte target pest(s). 

For r&logenation with iocfirte. temperatures will 
generally range from about 0 to 50**C, but tfie 
reaction can be convenientiy carried out at room 

40 temperature. Convenientiy. the iodination may be 
performed using triiodide or iodine at 0.5 to 5% in 
an acidic aqueous medium, particulariy an aqueous 
cartxsxylic add solution that may vary from atx>ut 
0.5-5M. Conveniently, acetic acid may be used, 

45 although other carbaxylk: acids, generally of from 
about 1 to 4 caribon atoms, may also be emptoyed. 
The time for the reaction will generally range from 
less than a minute to about 24 hr, usually from 
atxHtt 1 to 8 hr. Any residual iodine may be re- 

50 moved by reaction with a reducing agent such as 
ditiiionite, sodium thiosulfate. or other reducing 
agent compatible with ultimate usage in the field. In 
addition, the modified cells may be subjected to 
further treatment, such as washing to remove all of 

55 the reaction medium, isolation in dry form, and 
formulation with typical stickers, spreaders, and 
adjuvants generally utilized in agricultural applica- 
tions, as is well known to those skilled in the art 
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Of particular interest are reagents capable of 
crosslintdng tfie cell wall. A numt)er of reagents are 
known in the at for this purpose. The treatment 
should result in enhanced stability of the pesticide. 
That is, there should be enhanced persistence or s 
residual activity of the pesticide under field con- 
ditions. Thus, under conditions where the pestictdal 
activity of untreated cells diminishes, the activity of 
treated cells remains for periods of from 1 to 3 
times longer. 70 

The cells may be formulated in a variety of 
ways. They may be employed as wettable pow- 
ders, granules or dusts, by mixing with various 
inert materials, such as inorganic minerals - 
(phytlosiKcates. carix>nates, ^Ifates. phosphates. ?6 
and the like) or botanical materials (powdered conn- 
cobs, rice hulls, walnut shells, and the Oke). The 
formulations may include spreader-sticker adjuv- 
ants, stabilizing agents, other pestictdal additives, 
or surfactants. Liquid fonmulations may be 20 
aqueous-based or non-aqueous and employed as 
foams, gels, suspensions, emulsifiable concen- 
trates, or the like. The ingredients may include 
rheok>gical agents, surfactants, emulsifiers, disper- 
sants. or polymers. 25 

The pestiddal concentration will vary widely 
depending upon the nature of the particular for- 
mulation, particularly whether it is a concentrate or 
to be used directly. The pestickto will be present in 

30 

Tryptone 
Yeast extract 
NaCl 
5N NaOH 
Water 



at least 1% by weight and may be 100% by 
weight The dry formulations will have from atxnjt 
1-95% by weight of the pesticide while the liquid 
formulations will generally be from atx>ut 1-60% by 
weight of the solids in tiie liquid phase. The for- 
mulations will generally have from atxHit 10* to 
about 10* cells/mg. These formulations will be ad- 
ministered at about 50 mg (liquid or dry) to 1 kg Or 
more per hectare. 

The formulations can be applied to the enviror>- 
ment of the pest(s), e.g.. plants, soil or water, by 
spraying, dusting, sprinkling or the like. 

Folk>wing are examples whk:h illustrate proce- 
dures, including the best mode, for practicing the 
invention. These examples shoukj not be construed 
as limiting. All percentages are by weight and all 
solvent mixture proportions are by volume unless 
otherwise noted. 



Example 1 -Cutturir>g B. thurinoiensis strain 
sandieoo NFIRL B-15839. 

A subculture or starter culture of B. thurinoien- 
strain ^ dieoo NRRL B-15939 can be used to 
inoculate the foUowing medium, known as LB broth: 



10 2m 
5 gm 
5 gm 
0.6 ml 
1000 ml 



As per standard m)crobiok)gjcal techniques, the 
above medium woukJ be sterilized prior to inocula- 
tion and the inoculations woukj be done using 
aseptic procedures. The M-7 cells are grown for 3- 
4 days at 30*C. 

A detaiM procedure is as given in EPA ^ 
86302126.7: 

A series of 150 ml Brlenmeyer flasks contain- 
ing sterile PWYE medium (peptone 5.0%; yeast 
extract 0.1%; NaCI 0.5% in 1 liter of waten adjust 
pH to 7.5) are inoculated from a petri plate culture ^ 
of g. thurinoiensis strain §gn dieoo. NRRL B-15939. 
The flasks are incubated at 30^*0 on a rotary 
shaker (200 rpm) ovemight From this starter cul- 
ture, 300 ml of LB broth in a 2-liter flask is inocu- 
lated using 7.5 ml of the starter. The LB-broth ^ 
flasks are incubated under the same corKlitions as 
the starter, but are harvested after 4 days. 



The above procedure can be readily scaled up 
to large fermentors by procedures well known in 
the art 

The Bt spores and crystals, obtained in the 
above fermentation, can be isolated by procedures 
well known in the art A frequerrtly-used procedure 
is to subject the harvested fermentation broth to 
separation techniques, e.g.. centrifugation. 



Example 2-Ck>ning and Expression of M-7 Toxin 
Gene 

Total DMA (chromosonnal and plasmid) was 
isolated from the M-7 cells of Example 1 and 
purified by standard procedures. The resulting puri- 
fied DNA was digested with the restriction en- 
donudease Bam HI. using the supplier's instruction. 
The digested DNA was tiien cloned into the Bam HI 
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sit8 of the welHcnown plasmrd pBF^22 to give a 
gene bank of M-7 DMA. This cloning procedure 
vtBS done following standard well-known proce- 
dures. 

A DNA probe to screen the gene bank was 
obtained as follows: M-7 crystals were Isolated 
from a culture grown in NYSM medium (10 gm 
tryptone. 5 gm NaCI, 5 gm yeast extract 2 gm 
MgSO«*7HiO, 1000 ml water. pH 7.5) overnight at 
SO^'C. The purified oystals were dissolved in 8 M 
urea. 0.1 M glycir^e, pH 82. and digested with 
trypsin overnight at room temperature. The result- 
ing peptide fragments were separated on a C« 
reverse phase high pore column with 180 min 
gradient of 91% solution A (0.1% trifluoroacetic 
acid In HsO) to 40% solution A in 0.1% 
trifluoroacetic add In acetonitrile. The aminoacid 
sequences of several tryptic fragments were ob- 
tained and a sequence of 6 aminoadds were se- 
lected for synthesis of a mixed probe, 17 bases in 
length, with a redundancy of 32. 

The probe was end-lat)eled with polynucleotide 
kinase and [r-'T'lATP and hybridized to bacterial 
colonies containing recombinant plasmids as con- 
structed for the M-7 gene t>ank. The colony filters 
were prepared according to Hanahan and Meselson 
(1980) Gene 10:63-67. Positive colonies were kien- 
tified by autoradiography. The recombinant plas- 
mids isolated from seven positive ctones (pCH-B3 
as representative), were found to have a 5.8 kb - 
(kilobase pairs) DNA fragment inserted into the 
Bam HI site. 

A western blot (Bumette. W.N. [1981] Anal. 
Biochern. 112:195) of pCH-B3 was performed on 
an SDS-PAQE of an overrught culture, using rabbit 
anti-M-7 crystal anti-serum. A protBtn of about 86 
kilodatton was klentffied. The ctone pCH-B3, ttwe- 
fbre, contains an M-7 DNA fragment that encodes 
for a proton having serotogical identity with the 
protein from the M-7 crystals. The recombinant 
protein nnay be bigger than the toxin from solubiliz- 
ed M-7 crystals t)ecause of unavailability of tran- 
scriptional and/br transiational stop signals in the 
given ptasmkt construction. 

The nucleotide sequence encodirig the B-tsd 
toxin gene is shown in Tat)le A. The deduced 
amino add sequence is shown in Table B. 

As is well krtown in the art the amino add 
sequence of a protein is determined l>y the 
nucleotide sequence of the DNA. Because of the 
redundancy of the genetic code, l.e., more than 
one coding nucleotide triplet (codon) can t>e used 
for most of the amino adds used to make proteins, 
different nucleotide sequences can code for a par- 
ticular amino add. Thus, the genetic code can be 
depicted as follows: Phenylalanirie (Phe) TTK 

Leudne (Leu) XTY 



Isoteudne (lia) ATM 
Methionine (Met) ATG 
5 Valine (Val) GTL 
Serine (Ser) QRS 
Proline (Pro) CCL 

70 

Threonine (Thr) ACL 
Alanine (Ala) GCL 
75 Tyrosine (Tyr) TAK 
Termination signal TAJ 
Histlcfine (His) CAK 

20 

Glutamine (Gin) CAJ 
Asparagine (Asn) AAK 
25 Lysine (Lys) AAJ 

Aspartic add (Asp) GAK 
Glutamic add (Glu) GAJ 

30 

Cysteine (Cys) TGK 
Tryptophan (Trp) TGG 
35 Arginine (Arg) WGZ 
Glycine (Gty) GGL 

Key: Each 3-letter deoxynudeotide triplet conre- 
40 spends to a trinucleotide of mRNA, having a 5*-end 
on the left and a 3'-end on the right. All DNA 
sequences given herein are those of the strand 
whose sequence corresponds to the mRNA se- 
quence, with thymine suk>stituted for uradl. The 
45 letters staruJ for the purine or pyrimldtrte k>ases 
forming the deoxynudeotkle sequence. 
A ^ adenine 

G -guanine 

50 

C = cytosine 
T = thymine 
55 X = TorCtfYisAorG 
X = CifYisCorT 
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Y = A. G. C or T if X is C 

Y = AorGif XisT 

W = C or A if 2 is A or G 
W = CifZisCorT 
2 = A,G. CorTffWisC 
Z=«AorGifWisA 

QR « TC if S is A, G, C or T; attematively QR = 
AG If S is T or C 

J B Aor G 

K = Tore 

L = A, T, C or G 

M-A,CorT 

The above shows that the rtovel amino add 
sequence of the M7 toxin, and other useful pro- 
teins» can be prepared by equivalent nucleotide 
sequences encoding the same amino acid se- 
quence of the proteins. Accordingly, the subject 
invention includes such equivalent nucleotide se- 
quences. In addition it has been shown that pro- 
teins of identified structure and function may t>e 
constructed by cHariging the amino add sequence 
if such changes do not altw the protein secondary 
statctuTB (Kaiser. E.T. and Kezdy. F.J. [1984] Sci- 
ence 223:249-255). Thus, the subject invention in- 
dudes mutants of the amino add sequence de- 
picted herein which do not atter the protein secon- 
dary structure, or rf the structure is altered, the 
bioioQtcal activity is retained to some degree. 



Example 3-Production of M-7 Toxin Protein by 
Clone PCH-B3 

A 20 fiter culture of pCH-B3 (LHbroth with 70 
ug/ml Ampidmn) was grown in a fermenter and 
harvested at 00600=335. The cell pellet was 
washed with water and resuspended in 500 ml 
glydne buffer (0.1 M glydne, pH 8.0 with tris 
base) containing 2 g lysozyme, ImM PMSF - 
(phenylmethylsutfonyl fluoride). 1 mM TPCK (1- 
tosylamide-2-phenyl ethylchloromethyl ketone), and 
500 ug DNase I and incubated at room tempera- 
ture for 30 min. The pH was then raised to 10 with 
NaOH and the cells were further ruptured in a bead 



beater (Biospec Products. Bartlesville, OK) on ice 
with four 30 second bursts 5 min apart The extract 
was then centrifuged at 10,000 x g for 30 min. 

5 

Example 4-lsotation and Purification' of M-7 Toxin 
Protein Produced by Clone pCH-B3 

The protein from pCH-B3 was purified using 

w affinity chromatography (Cuatrecasa. P. and Anfin- 
sen. C.B. [1971] Math, Enzymology Vol. 22 (ed. 
W.B. Jacoby] Acad, Press. N.Y.) as follows: 
Sepharose was activated with cyanogen bromide 
as described by Cuatrecasa and Anfinsen. Rabbit 

IS anti-M-7 crystal serum was added to the activated 
Sepharose arKj incubated overnight at room tem- 
perature with constant agitation. The affinity resign 
was then washed with 1% ethanolamine. 3 M MaCI, 
pH 9.2, and then with TBS (0.02 M tris-HCI. 0.07 M 

20 NaCI. pH 7.5) containing 0.02% sodium azide. The 
column was equilibrated in 0.1 M glydne pH 10 - 
(with tris base) containing 1 mM EDTA 
(ethylenediaminetetraacetic add), 1 mM PMSF. 1 
mM TPCK, and 0.02% sodium azide. The £. ^ 

25 extract prepared ak)ove, was loaded onto the col- 
umn and redrculated for 64 hr at 4**C. The extract 
was washed from the column with 1 M NaCI arKi 
0.1 M glydne-tris pH 10, and the txMind M-7 toxin 
was removed from the column with 3 M sodium 

30 perchlorate. 0.1 M glydne-tris pH 10. The M-7 
toxin was then dialyzed against water and con- 
centrated (Micro-Pro D: Con. Pierce Chem. Co., 
Rockford. IL). 

The purified M-7 toxin can be administered to 

35 vegetation susceptit^e to infestation by beetles of 
the order Coteoptera. to protect the vegetation. The 
M-7 toxin is preforabty made env ironm entally sta- 
ble by use of suitable conventional coatings. 

40 

Example g Subcloning and Expression of M-7 Tox- 
in Gene into Pseudomonas fiuorescens 

The 5.8 kb DMA fragment carrying the M-7 
45 toxin gene was excised from plasmid pCH-B3 with 
Bam HI, purified and subdoned into the Bam HI site 
of the plasmid pROl614. Pseudomonas 
fiuorescens was transformed wHh this plasmid. The 
expression of M-7 toxin by recombin^ 
50 Pseudomonas cells was verified by its identification 
on a western blot 
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Testing 

B. thurinaiensis strain dieao NRRL B- 
15939 spores and crystal. otTtained as described 
at3ov6. were tested against various Insects. The 
insect species are given (togettier with results) in 
Table C; they are all of the Coleoptera family 
except CuHcidae (family Diptera) and Noctuidae - 
(family Lepidoptera). 

The method used to test for D. undecimounc 
tata> and the results of two bioassays are given on 
page 7 of EPA 86302126.7. 



In order to test the M-7 toxin for activity against 
Pvnrhalta luteola (elm leaf beetle), a suspension of 
solubilized protein from M-7 crystals was applied to 
etm leaves. The dried leaves were then placed in a 

5 container on moist sand. Five to ten larvae of P. 
luteola were added and the containers were in- 
cubated at room temperature. Mortality was re- 
corded at 3 and 5 days. An Ldo of 120 ng 
toxin/cm' of leaf surface was calculated from these 

70 assays. 
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Table A 

Nucleotide Sequence Encoding the Bacillus thurin - 
giensis strain san diego Toxin Gene 

AT6A ATCCQAACAA 

TCGAAGTBAA CAT6ATACAA TAAAAACTAC TGAAAATAAT GAGGT6CCAA 
CTAACCATGT TCAATATCCT TTAGCGGAAA CTCCAAATCC AACACTAGAA 
6ATTTAAATT ATAAAGA6TT TTTAA6AAT6 ACT6CAGATA ATAATAC6GA 
AGCACTAGAT AGCTCTACAA CAAAAGATGT CATTCAAAAA G6CATTTCC6 
TAGTAGGT6A TCTCCTAGGC 6TAGTAGGTT TCCC6TTTGS T6GAGC6CTT 
eTTTCGTTTT ATACAAACTT TTTAAATACT ATTTGGCCAA BTGAAGACCC 
6T6GAAGBCT TTTATG6AAC AAGTAGAAGC ATT6AT6GAT CAGAAAATAG 
CTSATTATSC AAAAAATA^ GCTCTTGCAG AQTTACAGGG CCTTCAAAAT 
AATGTCGAAG ATTATBT6A6 TGCATTGAGT TCAT6GCAAA AAAATCCTGT 
6AGTTCACGA AATCCACATA GCCAG^GCG 6ATAAGAGAG CTGTTTTCTC 
AAGCAGAAAQ TCATTTTC6T AATTCAATa: CTTCeTTTGC AATTTCT6GA 
TACGAGGTTC TATTTCTAAC AACATATGCA CAAGCT^CA ACACACATTT 
ATTTTTACTA AAAGACGCTC AAATTTAT6G AQAA6AATBQ SGATACGAAA 
AA6AAGATAT TGCTGAATTT TATAAAA6AC AACTAAAACT TACGCAAGAA 
TATACTGACC ATTGTdTCAA ATGGTATAAT 6TTGGATTAQ ATAAATTAA6 
A6GTTCATCT TATGAATCTT GGGTAAACTT TAACC6TTAT CGCAGAGA6A 
T6ACATTAAC A6TATTA6AT TTAATTGCAC TATTTCCATT 6TAT6AT6TT 
C6GCTATACC CAAAAGAAGT TAAAACC6AA TTAACAAGAG ACGTTTTAAC 
AGATCCAATT GTC6QAGTCA ACAACCTTAG 6GGCTAT6GA ACAACCTTCT 
CTAATATAGA AAATTATATT C6AAAACCAC ATCTATTTGA CTATCTGCAT 
AGAATTCAAT TTCACACGCG GTTCCAACCA GGATATTATG GAAAT6ACTC 
TTTCAATTAT TGGTCCGGTA ATTATGTTTC AACTA6ACCA AGCATAGGAT 
CAAAT6ATAT AATCACATCT CCATTCTATG GAAATAAATC CAGTGAACCT 
6TACAMATT TAGAATTTAA TKA6AAAAA 6TCTATA6AG CC6TA^AA 
TACAAATCTT 6C6GTCTKC CGTCCSCT6T ATATTCA^T 6TTACAAAAG 
T6GAATTTAG CCAATATAAT 6ATCAAACAG AT6AAGCAAG TACACAAACG 
TACGACTCAA AAAGAAATGT TGGCGCGGTC AGCT6GGATT CTATCGATCA 
ATTGCCTCCA GAAACAACAG AT6AACCTCT A6AAAA66GA TATA6CCATC 
AACTCAATTA TGTAATGT6C TTTTTAAT6C A6GGTAGTAG AGGAACAATC 
CCA6TGTTAA CTTGGACACA TAAAABTGTA 6ACTTTTTTA ACATGATTGA 
TTC6AAAAAA ATTACACAAC TTCCGTTAQT AAAGGCATAT AA6TTACAAT 
CTraiBCTTC C6TT6TC6CA ^TCCTAGGT TTACAG6AGG AGATATCATT 
CAAT»:ACA6 AAAAT6GAAG T6C6GCAACT ATTTACQTTA CACCeSATGT 
CTCBTACTCT CAAAAATATC GABCTAGAAT TCATTATGCT TCTACATCTC 
AGATAACATT TACACTCAGT TTAGAC66GG CACCATTTAA TCAATACTAT 
TTCGATAAAA CGATAAATAA AG6AGACACA TTAACGTATA ATTCATTTAA 
TTTAGCAAGT TTCAGCACAC CATTCGAATT ATCA6GGAAT AACTTACAAA 
TAGGC8TCAC A66ATTAAGT GCT6GA6ATA AAGTTTATAT AGACAAAATT 
6AATTTATTC CAGT6AAT 



55 



11 



21 



0 213 818 



22 



5 

Table B 

Deduced Amino Acid Sequence of Bacillus thuringiensis 
strain san diego Toxin 



5 10 15 20 

Met Asn Pro Asn Asn Arg Ser Glu His Asp Thr lie Lys Thr Thr Glu Asn Asn Glu Val 

25 30 35 40 

Pro Thr Asn His Val Gin Tyr Pro Leu Ala Glu Thr Pro Asn Pro Thr Leu Glu Asp Leu 

45 30 55 60 

Asn Tyr Lys Glu Phe Leu Arg Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser 

65 70 75 80 

Thr Thr Lys Asp Val He Gin Lys Gly He Ser Val Val Gly Asp Leu Leu Gly Val Val 

85 90 95 100 

Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr lie Trp 

105 110 115 120 

Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gin Val Glu Ala Leu Met Asp Gin Lys 

125 130 135 140 

lie Ala Asp Tyr Ala Lys Asn Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val 

145 150 155 160 

Glu Asp Tyr Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn Pro 

165 170 175 180 

His Ser Sin Gly Arg He Arg Glu Leu Phe Ser Gin Ala Glu Ser His Phe Arg Asn Ser 

185 190 195 200 

Met Pro Ser Phe Ala He Ser Gly Tyr Glu Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala 

205 210 215 220 

Ala Asn Thr His Leu Phe Leu Leu Lys Asp Ala Gin He Tyr Gly Glu Glu Trp Gly Tyr 

225 230 235 240 

Glu Lys Glu Asp He Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr Thr 

245 250 255 260 

Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser Ser Tyr Glu 

263 270 275 280 

Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met Thr Leu Thr Val Leu Asp Leu He 

285 290 295 300 

Ala Leu Phe Pro Leu Tyr Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr 

305 310 315 320 

Arg Asp Val Leu Thr Asp Pro He Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr 
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Table B (cone.) 

325 ' 330 335 340 

Phe Ser Asn lie 61u Asn Tyr lie Ai-g Lys Pr^o His Leu Phe Asp Tyr Leu His Ai^g lie 

345 350 355 360 

Gin Phe His Thr Arg Phe Gin Pro 61y Tyr Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser 

365 370 375 380 

Gly Asn Tyr Val Ser Thr Arg Pro Ser lie Gly Ser Asn Asp lie lie Thr Ser Pro Phe 

385 390 395 400 

Tyr Gly Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr 

405 410 415 420 

Arg Ala Val Ala Asn Thr Asn Leu Ala Val Ti-p Pro Ser Ala Val Tyr Ser Gly Val- Thr 

425 430 435 440 

Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp 

445 430 455 46*: 

Ser Lys Arg Asn Val Gly Ala '-^al Ser Trp Asp Ser He Asp Gin Leu Pro Pro Glu Thr 

465 470 475 48r 

Thr Asp Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Lei 

485 490 495 500 

Met Gin Gly Ser Arg Gly Thr He Pro Val Leu Thr Trp Thr His Lys Ser Val Asp Phe 

505 510 515 520 

Phe Asn Met lie Asp Ser Lys Lys He Thr Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu 

523 330 335 340 

Gin Ser Sly Ala Ser Val Val Ala Gly Pro Arg Phe Thr Gly Gly Asp He lie Gin Cys 

545 550 535 560 

Thr Glu Asn Gly Ser Ala Ala Thr He Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys 

565 570 575 580 

Tyr Arg Ala Arg He His Tyr Ala Ser Thr Ser Gin He Thr Phe Thr Leu Ser Leu Asp 

583 590 595 60r 

Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys Thr He Asn Lys Gly Asp Thr Leu Tht 

605 610 613 620 

Tyr Asn Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu 

625 630 635 640 

Gin He Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr He Asp Lys He Glu Phe 

He Pro Val Asn 
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Table C 



Family 



Species 



Common Name 



Stages Tested Activity 



Chrysomelidae Diabrotica Western spotted Adult, larva + 

undectmpunctata cucumber beetle 



Pyrrhalta 
luteola 



Elm leaf beetle Adult, larva ++++ 



Haltica 
tombaclna 



Adult, larva +++ 



Curculionidae Otiorhynchus 
sulcatus 



Black vine weevil Larva 



Tenebrionidae Tenebrio 
molitor 



Yellow mealworm Larva 



Tribolium 
castaneum 



Red flour beetle Adult, larva 



Dermestidae Attagenus 
megatoma 



Larva 



Ftinidae 



Gibbium 
psylloides 



Adult 



Culicidae 



Aedes 



Yellow fever 
mosquito 



Larva 



Noctuidae 



Spodoptera 
exigua 



Beet armyworm 



Larva 



Trichoplusia 
ni 



Cabbage looper Larva 



Claims 

1 . A nucleotide sequence which codes for mol- 
ecules having the following amino-acid sequence: 
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5 10 15 20 

Met Asn Pro Asn flsn Arg Ser Glu His Asp Thr lie Lys Thr Thr Glu Asn Asn Glu Val 

25 30 33 40 

Pro Thr Asn His Val Gin Tyr Pro Leu Ala Glu Thr Pro Asn Pro Thr Leu Glu Asp Leu 

43 30 55 60 

Asn Tyr Lys Glu Phe Leu Arg Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser 

^ 70 73 80 

Thr Thr Lys Asp Val lie Gin Lys Gly lie Ser Val Val Gly Asp Leu Leu Gly Val Val 

83 90 93 100 

Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr He Trp 

103 110 • 113 120 

Pro Ser Glu Asp Pro Trp Lys Ala Fhu Met Glu Gin Val Glu Ala Leu Met Asp Gin Lys 

123 130 X33 140 

He Ala Asp Tyr Ala Lys Asn Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val 

143 130 135 160 

Glu Asp Tyr Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn Pro 

165 170 173 180 

His Ser Gin Gly Arg He Arg Glu Leu Phe Ser Gin Ala Glu Ser His Phe Arg Asn Ser 

183 190 193 200 

Met Pro Ser Phe Ala lie Ser Gly Tyr Glu Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala 

205 210 213 220 

Ala Asn Thr His Leu Phe Leu Leu Lys Asp Ala Gin He Tyr Gly Glu Glu Trp Gly Tyr 

223 230 233 240 

Glu Lys 61u Asp He Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Sin Glu Tyr Thr 

243 230 253 260 

Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser Ser Tyr Glu 

265 270 273 280 

Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met Thr Leu Thr Val Leu Asp Leu He 

283 290 295 300 

Ala Leu Phe Pro Leu Tyr Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr 

305 310 315 320 

Arg Asp Val Leu Thr Asp Pro He Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr 

325 ' 330 335 340 

Phe Ser Asn He Glu Asn Tyr He Arg Lys Pro His Leu Phe Asp Tyr Leu His Arg He 

345 350 355 360 

Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser 

55 
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363 



370 



375 



3S0 



Sly Asn Tyr Val Ser Thr Arg Pro Ser lie 61 y Ser Asn Asp lie lie Thr Ser Pro Phe 

385 390 395 400 

Tyr Gly Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly 61 u Lys Val Tyr 

403 410 415 420 

Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr Ser Gly Val- Thr 

425 430 435 44C 

Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp 

445 450 455 460 

Ser Lys Arg Asn Val Gly Ala Val Ser Trp Asp Ser lie Asp Gin Leu Pro Pro Glu Thr 

465 470 475 480 

Thr Asp Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu 

485 490 495 500 

Met Gin Gly Ser Arg Gly Thr He Pro Val Leu Thr Trp Thr His Lys Ser Val Asp Phe 

505 510 515 520 

Phe Asn Met He Asp Ser Lys Lys He Thr Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu 

323 530 335 540 

Gin Ser Gly Ala Ser Val Val Ala Gly Pro Arg Phe Thr Gly Gly Asp lie He Gin Cys 

345 550 355 560 

Thr Glu Asn Gly Ser Ala Ala Thr He Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys 

565 570 575 580 

Tyr Arg Ala Arg 'lie His Tyr Ala Ser Thr Ser Gin He Thr Phe Thr Leu Ser Leu Asp 

585 590 595 600 

Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys Thr He Asn Lys Gly Asp Thr Leu Thr 

605 610 615 620 

Tyr Asn Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu 

623 630 635 640 

Gin He Sly Val Thr 61y Leu Ser Ala Gly Asp Lys Val Tyr He Asp Lys He Glu Phe 

He Pro Val Asn. 

40 

2. DMA encoding a toxin having pesticidal ac- 
tivity, and having the sequence: 



50 
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ATGA ATCCGAACAA 

TCGAAGTGAA CATGATACAA TAAAAACTAC TGAAAATAAT GAG6TGCCAA 
CTAACCATGT TCAATATCCT TTAGCGGAAA CTCCAAATCC AACACTA6AA 
6ATTTAAATT ATAAAGAGTT TTTAAGAATG ACTGCAGATA ATAATACGGA 
AGCACTAGAT AGCTCTACAA CAAAAGATGT CATTCAAAAA 6GCATTTCCG 
TA6TA6GT6A TCTCCTA6GC GTAGTAGGTT TCCCGTTTGG TGGAGCGCTT 
GTTTCGTTTT ATACAAACTT TTTAAATACT ATTTGGCCAA GTGAAGACCC 
GT6GAA6GCT TTTATGGAAC AAGTA6AAGC ATTGATGGAT CAGAAAATAG 
CTGATTATGC AAAAAATAAA GCTCTTGCAG A6TTACAGGG CCTTCAAAAT 
AATGTCGAAG ATTATGTGAG TGCATTGAGT TCATGGCAAA AAAATCCTGT 
GAGTTCACGA AATCCACATA GCCAGG66CG GATAAGAGAG CTGTTTTCTC 
AAGCAGAAA6 TCATTTTCGT AATTCAATGC CTTCGTTTGC AATTTCTGGA 
TACGAGGTTC TATTTCTAAC AACATATGCA CAAGCT6CCA ACACACATTT 
ATTTTTACTA AAAGAC6CTC AAATTTATGG AQAA6AATGQ G6ATACGAAA 
AAGAAGATAT TGCT6AATTT TATAAAAGAC AACTAAAACT TACGCAAGAA 
TATACTGACC ATT6T6TCAA ATGGTATAAT 6TTG6ATTAQ ATAAATTAAQ 
AGGTTCATCT TAT6AATCTT 6GGTAAACTT TAACCGTTAT CGCAGAGAGA 
TGACATTAAC AGTATTAGAT TTAATTGCAC TATTTCCATT GTATGATGTT 
CGGCTATACC CAAAAGAAGT TAAAACCGAA TTAACAAGAG ACGTTTTAAC 
AGATCCAATT GTCGGAGTCA ACAACCTTAG GGGCTATG6A ACAACCTTCT 
CTAATATAGA AAATTATATT CGAAAACCAC ATCTATTTGA CTATCTGCAT 
AGAATTCAAT TTCACACGCG 6TTCCAACCA G6ATATTAT6 GAAATGACTC 
TTTCAATTAT TGGTCC6GTA ATTATGTTTC AACTAGACCA AGCATAGGAT 
CAAATGATAT AATCACATCT CCATTCTATG GAAATAAATC CAGTGAACCT 
GTACAAAATT TAGAATTTAA TGGAGAAAAA GTCTATAGAG CCGTAGCAAA 
TACAAATCTT GCGGTCTGGC CGTCC6CTGT ATATTCAGGT 6TTACAAAAG 
TGGAATTTAG CCAATATAAT GATCAAACA6 ATGAAGCAAG TACACAAACG 
TACGACTCAA AAAGAAATGT TGGCGCGGTC AGCT6GGATT CTATCGATCA 
ATTGCCTCCA GAAACAACAG ATGAACCTCT AGAAAAGGGA TATAGCCATC 
AACTCAATTA T6TAATGTGC TTTTTAATGC AGGGTAGTAG AGGAACAATC 
CCAGTGTTAA CTT6GACACA TAAAAGTGTA GACTTTTTTA ACAT6ATT6A 
TTCGAAAAAA ATTACACAAC TTCCGTTAGT AAAGGCATAT AAGTTACAAT 
CTGGTGCTTC CGTT6TCGCA GGTCCTAGQT TTACAG6A6G AGATATCATT 
CAATGCACAG AAAATGGAAG TGCGGCAACT ATTTACGTTA CACCGGATGT 
GTC6TACTCT CAAAAATATC 6AGCTAGAAT TCATTATGCT TCTACATCTC 
A6ATAACATT TACACTCAQT TTAGACG6G6 CACCATTTAA TCAATACTAT 
TTC6ATAAAA C6ATAAATAA AGGAGACACA TTAACGTATA ATTCATTTAA 
TTTAGCAAGT TTCA6CACAC CATTCGAATT ATCA6GGAAT AACTTACAAA 
TA6GCGTCAC AG6ATTAAGT GCTGGAGATA AAGTTTATAT A6ACAAAATT 
GAATTTATTC CA6TGAAT. 

3. A polypeptide toxin having pestiddal activity 
and the amino-acid sequence defined tn claim 1. or 
a mutant thereof in which the protein secondary 
structure is unaftered or (in wNch case the biotogi- 4S 
cal activity is retained to some degree) altered. 

4. A recombinant DNA trmser vector compris- 
ing an or part of the nucleotide sequence defined In 
daim 2 or an equivalent nucleotide sequence con- 
taining bases whose translated region codes for the 50 
same amino-add sequence. 

5. A prokaryotic microorgant^ into which a 
DNA transfer vector according to claim 4 has been 
transferred and replicated. 

6. A microorganism according to claim 5. which 55 
is an E . coH K-12 derivative. 
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7. A t)acterial strain transformed to express a 
polypeptide toxin having pestiddal activity and the 
amino-add sequence defined in daim 1. 

8. E . (PCH-B3). NRRL B-19581. 

9. Pseudomonas ftuorescens transformed with 
plasmid pR01614 containing the 5.8 kb DNA frag- 
ment carrying Ihe M-7 toxin gene. 

10. A hybrid recombinant plasmid capable of 
replication in a bacterial host which contains ex- 
pressible heterologous DNA having the nudeotide 
sequence defined in claim 1 or claim 2. 

11. Plasmid pCHB3. 

12. A plasmid according to daim 10, which is 
plasmid pROl614 modified by the insertion of. at 
the Bam HI site, a 5.8 kb DNA fragment carrying 
the M-7 toxin gene. 
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13. A five microorganism, for use in inhibiting 
the growth of or killing beetles of the order Coteoo- 
tera , which contains a Baciltus thurinoiensis toxin 
gene toxic to the beetles expresses! in the microor- 
ganism and coding for the toxin. 

14. A microorganism according to claim 13. 
which is a species of Pseudomonas. Azotobacter. 
Erwinia. Serratia Klebsiella. Rhizobium . 
RhodoDseudomonas, Methvlophilius. Aorotaac* 
terium. Acetobactero r Alcaliqenes. 

15. A microorganism according to claim 13 or 
claim 14, wherein the said microorganism is pig- 
m^ed and phylloplane adherent 

16. A microorganism in tt^ form of dead, 
enzyme-inactivated, substantially intact unicellular 
cells containing an intracellular toxin which is a 
result of expression of a Badllusthuringiensis toxin 
gene toxic to beetles of the order Coleootera which 
codes for a polypeptide toxic to the t)eetles. 

17. A microorganism according to any of 
claims 13 to 16, which Is Pseudomonad. 

ia A microorganism according to daim 17, 
which is of Pseudomonas fluore^iens. 

19. A microorganism according to daim 16. 
which is a prokaryote selected from Enterobac- 
teriaceae, Badllaceae, Rhizobiaceae , Soirilliaceae, 
Lactobadllaceae. Pseudomonadaceae. Azotobac- 
teraceae and Nitrot)acteraceae or a lower 
eukaryote selected from Phvcomvcetes, As- 
comvcetes and Basidiomvcetes . 

21. A microorganism according to any of 
claims 13 to 20, wherein the toxin is all or a toxic 
fragment of a parasporal crystal toxin of 6. thurin- 
Qiensis strain §an dieoo. 



22. A microorganism according to any of 
daims 13 to 20, wherein the gene DNA has the 
sequence defined in daim 1 or claim 2. 

23. A method for produdng a microorganism 
5 according to claim 16. which comprises introdudng 

the gene into the microorganism; growing the mi- 
croorganism, thereby increasing the number of 
cells and expressing the toxin; and killing the mi- 
croorganism. 

10 24. A method according to claim 23, wherein 
the cells are killed under protease-deactivating or 
cell wail-strengthening conditions. 

25. A method according to claim 24. wherein 
the ceils are killed using either formalin (and the 

IS toxin is its active form) or k)dir>e. 

26. A method for preparing a polypeptide toxin 
which is toxic to beetles of the order Coleootera , 
and having the immunological properties of crystal 
protein of Badllus thurinoiensis strain san dieoo. 

20 which comprises cloning the gene encoding the 
polypeptide toxin into a foreign host microbe, and 
purifying the polypeptkje toxin expressed by the 
foreign host microbe. 

27. A method according to claim 26. wherein 
25 the foreign host microbe is Escherichia coli . 

28. A method according to claim 26 or claim 
27, wherein the polypeptide toxin is purified, and 
also isolated, by the use of an affinity column. 

29. A method according to any of claims 23 to 
30 28, where the gene DNA has the sequence defined 

in cUum 1 or daim 2, and/or the toxin has the 
amino-add sequence defined in daim 1. 
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